Mitochondrial superoxide plays a crucial role in the development of mitochondrial dysfunction during high glucose exposure in rat renal proximal tubular cells.
Diabetic nephropathy is the leading cause of end-stage renal disease in the United States. Despite several studies indicating a role for mitochondrial oxidative stress and mitochondrial dysfunction in the development of diabetic complications, the precise mechanisms underlying renal mitochondrial dysfunction and renal cell injury remain unclear. The hypothesis of the current study was that high-glucose-mediated generation of mitochondrial superoxide is a key early event that leads to mitochondrial injury in renal proximal tubular cells. To ascertain the role of mitochondrial superoxide we have tested whether overexpression of the primary mitochondrial antioxidant, manganese superoxide dismutase (MnSOD), protects against hyperglycemia-induced renal injury using normal rat renal proximal tubular cells (NRK). NRK cells were exposed to high glucose (25 mM) and the changes in the mitochondrial membrane potential, ATP levels, and superoxide generation and the loss of cell viability were measured at 24 and 48 h after high glucose exposure. Our results indicate that high glucose first induced superoxide generation and hyperpolarization in the mitochondria, followed by a secondary event, which involved a decline in ATP levels, partial Complex III inactivation, and loss of cell viability. These high-glucose-induced changes were completely prevented by overexpression of MnSOD in NRK cells. However, MnSOD activity was not changed after high glucose exposure in vitro or during the early stages of diabetes using the streptozotocin rat model. These findings show for the first time that hyperglycemic induction of superoxide production within the mitochondria initiates specific mitochondrial injury (i.e., Complex III) via a mechanism independent of MnSOD inactivation.